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Note to the Reader:

The attached is a draft public advisory of the Science Advisory Board’s (SAB) Radiation
Advisory Committee (RAC).  The RAC met in a public meeting on April 25-27, 2000 and reviewed three
Office of Radiation and Indoor Air (ORIA)  Issue Papers on their Approach to Evaluate the Occurrence
and Risks of Technologically Enhanced Naturally Occurring Radioactive Materials (TENORM), dated
April 2000.  This is the second public draft of the RAC’s advisory report,  Proposed Approach to
Evaluating TENORM Occurrence and Risks.  In its present form, it has progressed sufficiently that a
significant portion of the text will provide useful information to the reader pertaining to the consensus
positions of the Committee.  Once approved by the SAB’s Executive Committee, it will be finalized and
transmitted to the EPA Administrator and will become available to the interested public as a final report.

This second draft advisory pertaining to the EPA’s Proposed Approach to Evaluating TENORM
Occurrence and Risks is being released for general information to members of the interested public and to
EPA staff.  This is consistent with the SAB policy of releasing draft materials only when the Committee
involved is comfortable that the document is sufficiently complete to provide useful information to the
reader.  The reader should remember that this is an unapproved working draft and that the document
should not be used to represent official EPA or SAB views or advice.  Draft documents at this stage of
the process often undergo significant revisions before the final version is approved and published.

The SAB is not soliciting comments on the advice contained in the attached document.  However,
as a courtesy to the EPA Program Office which is the subject of the SAB review, we have asked them
to respond to the issues listed below.  Consistent with SAB policy on this matter, the SAB is not obligated
to address any responses which it receives.

The SAB’s RAC pose the following questions to the Agency staff: 
1. Has the Committee adequately responded to the questions posed in the Charge?
2. Are any statements or responses made in the draft unclear?
3. Are there any technical errors?

For further information or to respond to the questions above, please contact:
Melanie Medina-Metzger, Designated Federal Officer
Science Advisory Board (1400A)
US Environmental Protection Agency
Washington, DC 20460
(202) 564-5987  Fax: (202) 501-0582
E-mail: medina-metzger.melanie@epa.gov
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September 22, 2000

Honorable Carol M. Browner
Administrator
U.S. Environmental Protection Agency
1200 Pennsylvania Avenue, NW
Washington, DC 20460

Re: An SAB Advisory: Proposed Approach to Evaluating TENORM Occurrence and Risks

Dear Ms. Browner:

At the request of Mr. StephenD. Page, Director of the Office of Radiation
and Indoor Air (ORIA), the Radiation Advisory Committee (RAC) of the Science
Advisory Board (SAB) reviewed ORIA's proposed approach to evaluating TENORM occurrence and
risks and whether ORIA is applying this approach appropriately in its technical report for uranium
mining TENORM.  The RAC previously reviewed a draft EPA scoping document entitled Diffuse
NORM Wastes: Waste Characterization and Preliminary risk Assessment (RAE 9232/1/2).  ORIA
considered the RAC’s comments in revising its approach to TENORM presented in three issue papers:

Issue Paper #1: Proposed EPA Approach to TENORM
Issue Paper #2: Proposed Outline for Uranium TENORM Report
Issue paper #3: Proposed TENORM Risk Assessment Methodology 

The RAC held a public meeting in Washington, D.C. on April 25 – 27, 2000 at which it was
briefed by, and had technical discussions with, ORIA staff and conducted writing sessions, producing a
preliminary draft Advisory.  This Advisory addresses the charge questions as well as issues beyond the
charge identified during the public meetings.

The RAC agrees that the general approach to TENORM and the risk assessment methodology
are reasonable.  The proposed outline for the uranium TENORM Report is adequate.  ORIA has done
a commendable job in putting these issue papers together.  

The RAC had some difficulty responding to the charge questions because ORIA has not
clarified what actions might be undertaken as a result of the characterization reports or what types of
materials are included in TENORM.  The RAC recommends that ORIA provide a clear mission
statement for the TENORM effort and clearly define the kinds of materials included in TENORM. 
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The RAC responses to the specific charge questions posed by ORIA are as
follows:

Question 1:  Is ORIA’s general approach for characterizing TENORM in a given technical
report adequate?

With caution regarding the lack of specificity in regard to the TENORM effort, the answer is
conditionally yes.  It is reasonable to prepare technical reports on an industry-by-industry basis as each
TENORM source can present unique features.  Issue Paper #2 lays out a reasonable overview of an
appropriate process for accomplishing this. 

Question 2:  Has the general approach been appropriately applied in the detailed outline in the
second issue paper for uranium mining TENORM?

The outline for uranium mining TENORM is generally adequate; however, approaches that
work well for the uranium mining assessment may not transfer easily to other TENORM sectors.  

Question 3:  Is the risk assessment approach, as outlined in the third issue paper, adequate for
evaluating risks from uranium mining TENORM?  In particular, have the key exposure
scenarios been considered?

The approach outlined in the third issue paper is adequate for evaluating the risks from uranium
mining TENORM.  The list of exposure scenarios given in Issue Paper #2 is extensive and covers most
of the important ones except recreational activities (hunting, hiking, fishing, etc.), which in the case of
uranium mining may be the most likely future land use.  The RAC recommends that the recreational
scenario be considered.   Because of concerns over the lack of peer-reviewed publications regarding
use of the PRESTO-EPA models for dose/risk assessment, the RAC recommends that ORIA evaluate
PRESTO to determine if it is the best tool to be applied to other TENORM sources.  As in past
reviews related to radiation risk, the RAC recommends that morbidity be considered in addition to
cancer mortality when final risk estimates are evaluated and presented . 

The RAC also addressed some issues beyond the charge.  The RAC was unclear about the
intended scope of the TENORM documents.  They appear to be focused on wastes.  The RAC
generally supports a broader interpretation, not restricted by interagency boundaries, and recommends
that ORIA include products as well as wastes in the TENORM technical documents, based on EPA’s
mandate to provide guidance to governmental agencies regarding protection of the public from the
harmful effects of radiation. The RAC recognizes that this is a policy issue but it is an important
consideration in addressing the charge questions. 

The RAC appreciates the opportunity to provide this advisory to you and we
hope that it will be helpful in developing EPA’s approach to TENORM.  We look forward to the
response of the Assistant Administrator for Air and Radiation to the comments and recommendations in
this report.
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Sincerely,

Dr. Morton Lippman, Interim Chair
Science Advisory Board

Dr. Janet A. Johnson, Chair
Radiation Advisory Committee
Science Advisory Board

Dr. Thomas F. Gesell, Chair
TENORM Advisory  Subcommittee
Radiation Advisory Committee
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NOTICE

This advisory has been written as part of the activities of the Science Advisory Board (SAB), a
public advisory group providing extramural scientific information and advice to the Administrator and
other officials of the Environmental Protection Agency (EPA).  The Board is structured to provide
balanced, expert assessment of scientific matters related to problems facing the Agency.  This report
has not been reviewed for approval by the Agency and, hence, the contents of this report do not
necessarily represent the views and policies of the EPA nor of other agencies in the Executive Branch
of the Federal Government.  In addition, the mention of trade names or commercial products does not
constitute a recommendation for use.

Distribution and Availability: This Science Advisory Board report is provided to the EPA
Administrator, senior Agency management, appropriate program staff, interested members of the
public, and is posted on the SAB website (www.epa.gov/sab).  Information on its availability is also
provided in the SAB’s monthly newsletter (Happenings at the Science Advisory Board).  Additional
copies and further information are available from the SAB Staff.
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ABSTRACT

On April 25 - 27, 2000 the Radiation Advisory Committee (RAC) of the EPA Science
Advisory Board (SAB) reviewed three issue papers which describe Office of Radiation and Indoor
Air’s (ORIAs) approach to Technologically Enhanced Naturally Occurring Radioactive Material
(TENORM).  Issue Paper #1 describes ORIA’s general approach to TENORM; Issue Paper #2
provides a proposed outline for a specific source, uranium mining; and Issue Paper #3 presents the
proposed risk assessment methodology.  ORIA requested advice on the adequacy of its proposed
approach, the application of the approach to uranium mining, as described in Issue Paper #2, and its
risk assessment methodology.

The RAC had difficulty responding to the questions posed by ORIA because the intent behind
the TENORM effort was not clear.  With that reservation, the RAC agrees with ORIA’s general
approach.  However, the RAC recommends that ORIA provide a clear mission statement for the
TENORM program and define the types of materials to be included in its TENORM assessments, i.e.,
wastes only or wastes and products.  The RAC supports a broader interpretation of ORIA’s mission
and recommends that it include products as well as wastes in TENORM assessments.  Specific issues
of concern include the lack of peer-reviewed publications regarding use of the PRESTO-EPA models
for risk assessment, differentiation between variability and uncertainty in the analyses, lack of inclusion
of a recreational scenario in the risk assessment, and potential interactions between hazardous materials
and radionuclides that may be present in TENORM sources.

KEYWORDS: Technologically Enhanced Naturally Occurring Radioactive Material (TENORM),
TENORM, TENORM wastes, TENORM waste products, TENORM sources, TENORM Risks,
TENORM Occurrence 

NOTE TO REVIEWERS: NTIS requires a maximum of 250 words in the abstract.  This abstract has
241 words.
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RADIATION ADVISORY COMMITTEE1
2

ADVISORY ON EPA’S PROPOSED APPROACH TO EVALUATING TENORM3
OCCURRENCE AND RISKS4

5

6
1.  EXECUTIVE SUMMARY7

8

At the request of the EPA’s Office of Radiation and Indoor Air (ORIA) the Radiation Advisory9

Committee (RAC) of the Science Advisory Board (SAB) reviewed three issue papers, which describe10

ORIA’s approach with regard to Technologically Enhanced Naturally Occurring Radioactive Material11

(TENORM) (EPA, 2000a; 2000b; 2000c).   The first paper describes ORIA’s approach to12

TENORM in general.  The second paper is a proposed outline for a uranium mining TENORM report. 13

The third paper describes ORIA’s proposed risk assessment methodology.  The RAC held a public14

meeting in Washington, D.C. on April 25-27, 2000 at which it was briefed by, and had technical15

discussions with, ORIA staff, and conducted  an editing session producing a preliminary draft Advisory.16

17

ORIA requested the advice of the RAC on the adequacy of its proposed approach to18

evaluating TENORM occurrence and risks, specifically with regard to the approach for characterizing19

TENORM, the application in the proposed outline for the uranium mining technical report, and the risk20

assessment approach.  ORIA posed three specific charge questions in this regard to the RAC.  The21

RAC agrees that the approach to TENORM in general and uranium mine TENORM specifically, as22

described in the issue papers, is reasonable and notes that ORIA has addressed the comments from its23

1994 review of the Diffuse NORM Wastes:  Waste Characterization and Preliminary Risk24

Assessment (RAE 9232/1-2).25

26

In general, the RAC had some difficulty responding to the charge questions because ORIA has27

not clarified what actions might be undertaken as a result of the characterization reports or what kinds28

of materials are included in TENORM, i.e., wastes only, building materials, etc. The RAC recommends29

that ORIA provide a clear mission statement for the TENORM program and clearly define the kinds of30

materials included in its TENORM assessments.31

 32

1.1 Charge Question #1:  Is EPA’s general approach for characterizing TENORM in a33

given technical report adequate?34
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With the reservations described previously  regarding the lack of specificity in the TENORM35

effort, the answer is conditionally yes.  It is reasonable to prepare technical reports on an industry-by-36

industry basis, as each can present unique features.  Issue Paper #2 provides a reasonable overview of37

an appropriate process for characterizing uranium mining-related TENORM. 38

39

 The RAC has considered ORIA's intent to use best estimates (point estimates) of uncertain40

parameters for generating best estimates (point estimates) of risk.  While recognizing the practicality of41

this approach, the RAC  notes that calculating best estimates of risk considering full42

variability/uncertainty distributions generally gives a different best estimate of risk than one gets using43

best estimates of uncertain model parameters.  The variability/uncertainty distribution approach is44

considered more reliable and information on the full risk distribution is generated.   Also, the  Issue45

Papers should clearly distinguish variability (true variation from site to site or from person to person)46

from uncertainty (lack of knowledge about the true value of a parameter for a particular set of47

conditions). 48

49

ORIA’s use of the PRESTO-EPA models   for assessment of risks from uranium mining is50

reasonable; however  the committee members who reviewed the literature on PRESTO-EPA felt that 51

the models have not been adequately peer-reviewed.   Models used for regulatory purposes should52

have a good track record of publication in peer-reviewed journals.  53

54

 ORIA should assess the applicability of the PRESTO-EPA models to other situations and55

consider using more appropriate dose/risk assessment tools.  The RAC also recommends that the56

issues of bioavailability, leachability, and radon emanation rates from various sources of TENORM be57

addressed specifically as suggested by the National Academy of Sciences Committee (NAS 1999).58

59

The time frame and exposure conditions that are the focus of the risk assessment for any60

TENORM source should be made clear in all documents intended for use by the public. The affected61

public will be interested in risk estimates applicable to their own exposure histories and should be62

warned that the prospective risk estimates provided in the TENORM documents may not be applicable63

to their cases.  In view of the uncertainty (and continuing controversy) about the risk of low doses of64

radiation, the RAC recommends that ORIA provide appropriate disclaimers  with the risk estimates it65

may generate for TENORM sources of exposure.  66

67
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With regard to characterization of sources, ORIA has only limited success in obtaining68

information about TENORM quantities and radionuclide concentrations.  It appears that voluntary69

disclosure by the affected parties may not be forthcoming.  ORIA should indicate how it intends to fill70

the data gaps.71

 72

1.2 Charge Question #2:  Has the general approach been appropriately applied in the73

detailed outline in the second issue paper for uranium mining TENORM?74

75

The outline for uranium mining TENORM seems generally adequate.  However, approaches76

that work well for the uranium mining assessment may not transfer easily to other TENORM sectors. 77

While the proposed outline of the report appears comprehensive, a definitive response to the charge78

question can be given only after seeing an initial draft with actual data and results of calculations. 79

80

In its discussion of uncertainty, it is essential for ORIA to make the distinction between81

uncertainty and variability, as discussed above.  It would also be useful to include a section on82

“Research Needs” if the uncertainty analysis suggests that additional investigations are required  to83

support any decisions to be made based on the assessment.84

85

The section on “Other Hazardous Constituents” is important and should include a discussion of 86

how these constituents might affect the total radiation risk.  When other hazardous constituents can87

change the characteristics of the TENORM, i.e., to make it more mobile in the environment affect its88

toxicity, or change  risk in any way, that should be made explicit.  89

90

In its outline for uranium TENORM report, ORIA has stated that it will present background91

radiation and risk information.  Because this is an important issue and  there are significant variations in92

background radiation, an explanation of how ORIA plans to determine appropriate radiation93

background levels is recommended. 94

95

It is not clear how far the “radiation overview” (Issue Paper #2, Item VI.A) would be96

developed.  ORIA should consider whether the non-specific radiation primer will dilute the report and97

whether the entire report should have a lay-level version, either as a separate section, or as a98

companion volume. 99

100
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1.3 Charge Question #3:  Is the risk assessment approach, as outlined in the third issue101

paper, adequate for evaluating risks from uranium mining TENORM?  In particular, have the102

key exposure scenarios been considered?103

104

Once more, with reservations regarding specificity, the approach outlined in the third issue105

paper seems adequate for evaluating the risks from uranium mining TENORM.  The lists of exposure106

scenarios in TENORM Issue Paper #3 (EPA,  2000c) as well as in TENORM Issue Paper #2 (EPA,107

2000b) are quite extensive and cover most of the important exposure situations except recreational use. 108

In the case of uranium mines, recreation may be the most likely future land use.  The RAC recommends109

that scenarios that can reasonably be expected to be encountered by a significant number of people110

should have the highest priority.111

112

While Issue Paper #3 (EPA, 2000c) specifies evaluation of risks from TENORM wastes and113

products, the emphasis in Issue Paper #2 (EPA, 2000b) seems to be on “disposal.”  A broader114

interpretation might be considered.  The RAC recommends that ORIA provide a comprehensive115

discussion of the scope of the analysis, clearly identifying what it covers and what it does not cover.116

117

The RAC’s general support of the approach might be strengthened after further review of the118

documentation for the PRESTO-EPA and MICROSHIELD models and ORIA’s detailed plans for119

selection of parameter values and distributions for the uncertainty analysis.  As noted previously,  the120

members of the committee who reviewed the literature provided by ORIA regarding the PRESTO-121

EPA models felt that the codes  have not been adequately peer-reviewed.122

123

 The risk assessment methodology described in Issue Paper #3 is focused on cancer mortality. 124

As it has in past advice to ORIA, the RAC recommends that morbidity be considered in addition to125

cancer mortality when final risk estimates are made.126

127

1.4 Issues Beyond the Charge128

129

The charge questions posed by ORIA and the RAC’s responses cover many of the important130

considerations regarding ORIA’s approach to TENORM characterization.  However, the RAC also131

addressed several issues beyond the charge that were identified during the public meetings:132

133
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ORIA should review the available data obtained by other program offices such as CERCLA134

and the regions regarding TENORM sources, in particular, uranium mines.  The data from these135

sources could be useful in quantifying the extent of the problem.  Environmental media concentration136

data and gamma exposure rate data gathered in support of site-specific risk assessments could be used137

to validate the models for particular types of sites.138

139

In Issue Paper #1, page 10, ORIA proposes to promote and provide education.  ORIA should140

consider as its first educational opportunity scientific societies such as the Conference on Radiation141

Control Program Directors and the Health Physics Society.  Consideration should be given to142

presentation of papers at meetings and papers in society publications.143

144

The RAC supports ORIA’s intent to make the TENORM documents useful to a broad145

audience.  The usefulness of the document will be limited if various parts of the risk are left out of the146

risk assessment because they are regulated by different agencies to differing degrees.  The audience will147

be left with an inaccurate picture consisting of a sum of partial risks derived from different agency risk148

assessments which are not designed to be aggregated.149

150

The RAC was unclear about the intended scope of the TENORM documents.  Under the151

Executive Order 10831 and Reorganization Plan Number 3, EPA is charged with developing Federal152

Guidance, which is defined as a set of guidelines developed by EPA, for use by Federal and State153

agencies responsible for protecting the public from the harmful effects of radiation.   As it is the EPA’s154

goal to protect the public, the RAC generally supports a broader interpretation not restricted by the155

interagency boundaries and recommends that ORIA include products as well as wastes in the156

TENORM technical documents.  The RAC recognizes that this is a policy issue but it is an157

important consideration in addressing the charge questions.158

159

2.  INTRODUCTION160

161

The EPA’s Office of Radiation and Indoor Air (ORIA) is formulating its plans for evaluating the162

occurrence and risks of technologically enhanced naturally occurring radioactive materials (TENORM)163

and identifying opportunities for abatement.  As a part of this process, ORIA has requested that the164

Radiation Advisory Committee (RAC) review three issue papers, which provide an overview of these165

plans, and provide the specific approach proposed for uranium mining (EPA, 2000a; 2000b; 2000c). 166
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The first paper provides ORIA’s intended approach to TENORM.  The second paper is a proposed167

outline for a uranium mining TENORM report.  The third paper provides ORIA’s proposed168

methodology for risk assessment as applied to TENORM.  The RAC held a public meeting in169

Washington, D.C. on April 25 – 27, 2000 at which it was briefed by, and had technical discussions170

with, ORIA staff and conducted an editing session on June 5, 2000 producing a preliminary draft171

Advisory.172

173

As a general guide for the analysis, the Issue Papers are reasonable.  Because they lack174

specificity in many areas, the RAC is unable to comment fully on their scientific merits.  Documentation175

of the PRESTO-EPA and MICROSHIELD models that will be used to conduct the analysis may help176

the RAC understand better what will be done, but how parameters will be selected for the models may177

remain unclear until a draft assessment document is produced.178

179

The RAC notes that ORIA has carefully considered its 1994 comments on the Diffuse NORM180

Assessment document and responded positively to most of them.  ORIA has thus demonstrated that it181

does give careful consideration to SAB-RAC comments and recommendations.  The RAC also notes182

that ORIA has changed its strategy for the TENORM characterization from a screening document,183

designed to differentiate TENORM sources with little potential for health risk from those deserving184

Agency attention, to a series of descriptive reports covering each of the sources without a prior185

judgment about the need for abatement.   Although ORIA may use indicators of risk as criteria for186

deciding which sources to investigate first, it intends to use other criteria as well and does not appear to187

have eliminated any potential TENORM sources from its sphere of interest.188
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3.  RESPONSE TO THE CHARGE189

190

ORIA requested the advice of the RAC on the adequacy of its proposed approach to191

evaluating TENORM occurrence and risks, specifically with regard to approach for characterizing192

TENORM, the application in the proposed outline for the uranium mining technical report, and the risk193

assessment approach.  ORIA posed three specific charge questions to the RAC.  The questions and194

the RAC’s responses are discussed in detail in this section.195

196

3.1 Is EPA’s general approach for characterizing TENORM in a given technical report197

adequate?198

199

With the caution regarding lack of specificity given in the Introduction, the answer is200

conditionally yes.  It seems quite reasonable to prepare documents on an industry-by-industry basis, as201

each can present unique features.  The issue paper lays out a reasonable overview of an appropriate202

process for characterizing TENORM . 203

204

ORIA has not clarified what actions might be undertaken as a result of the characterization205

reports.  Various types of potential actions might require different data quality objectives.  The RAC206

recommends that ORIA provide a clear mission statement for the TENORM program.207

208

The kinds of materials to be considered TENORM should be clearly delineated.   Although in209

some parts of the issue papers, ORIA mentions TENORM-containing products (e.g., building210

materials) as proper subjects for evaluation, in other parts only TENORM wastes appear to be211

considered.  The RAC recommends that TENORM  be defined clearly.  This point is discussed further212

in Section 4, Issues Beyond The Charge.213

214

 The RAC has considered ORIA's intent to use best estimates (point estimates) of uncertain215

parameters for generating best estimates (point estimates) of risk.  While recognizing the practicality of216

this approach, the RAC  notes that calculating best estimates of risk considering full217

variability/uncertainty distributions generally gives a different best estimate of risk than one gets using218

best estimates of uncertain model parameters.  The variability/uncertainty distribution approach is219

considered more reliable and information on the full risk distribution is generated.  In addition, the Issue220

Papers do not clearly distinguish variability (true variation from site to site or from person to person)221
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from uncertainty (lack of knowledge about the true value of a parameter for a particular set of222

conditions).  Uncertainty can be reduced by research, but inherent variability cannot.   Moreover,223

variability has policy implications regarding risk equity, whereas uncertainty does not (Hattis and224

Anderson, 1999).  The RAC recommends that ORIA clearly separate variability and uncertainty in its225

distributional analyses, using a two-dimensional Monte Carlo analysis if feasible.226

227

ORIA has proposed to use the PRESTO-EPA models for the analysis of the risks from228

TENORM in the uranium mining sector.  However, the materials provided to the RAC were not clear229

on whether or not ORIA also intends to make the PRESTO-EPA models its choice for the analysis of230

other TENORM sectors.  Although PRESTO-EPA models may be adequate for the analysis of231

waste-in-place TENORM sources, such as the waste piles found in uranium mining, they may be232

inadequate for other TENORM sources in which TENORM is emitted to air (e.g., from coal-burning233

facilities such as electric power plants) or occurs as a product (e.g., in building materials such as234

concrete blocks).235

236

The committee members who reviewed the literature provided by ORIA with regard to the237

PRESTO-EPA models found that they have not been adequately peer reviewed.  Any model used for238

regulatory purposes should have a good track record of publication in peer-reviewed journals. 239

Otherwise, members of the public can be subjected to unrealistic regulation at costs that are unjustified. 240

A detailed discussion of this issue is provided in section 3.3 of this Advisory. 241

242

It is not clear how ORIA intends to take into account the bioavailability, leachability, and radon243

emanation rates from various sources of TENORM, as suggested by the National Academy of244

Sciences Committee charged with conducting the study of TENORM (NAS, 1999).   For example, the245

radon emanation rates for pipe scale differ significantly from the emanation rates for uranium mine waste246

rock and protore1.  The RAC recommends that these issues be addressed specifically in future247

documentation of the TENORM program.248

249

Although the RAC realizes that ORIA's principal focus for TENORM is on assessing risks250

prospectively in order to judge the need for remedial activities, this focus was not made clear in the251
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materials provided.  The time frame and exposure conditions that are the focus of the risk assessment of252

any TENORM source should be made clear in all documents intended for use by the public.  The RAC253

further notes that the risk for future exposures to an individual can depend on his or her history of past254

exposures.  The projected risk for a lifetime of exposure for a person born today and residing near the255

site may be different from that for a current resident who might have experienced higher or lower256

exposures in the past than suggested by current conditions.  The affected public will be interested in risk257

estimates applicable to their own exposure histories and should be warned that the prospective risk258

estimates provided in the TENORM documents may not be applicable to their cases.259

260

In view of the uncertainty (and continuing controversy) about the risk of low doses of radiation,261

the RAC recommends that ORIA provide appropriate disclaimers about any risk estimates it may262

generate for TENORM sources of exposure.  Issue Paper #3 is not entirely clear on the extent to263

which ORIA will report dose as well as risk estimates in its TENORM assessments.  Because dose is264

one step less controversial than risk, the RAC can support the reporting of both dose and risk, with the265

proviso that any inconsistencies in conclusions be explained.  The RAC Advisory on Federal Guidance266

Report No. 13 discusses the difficulty of reconciling risk estimates derived via effective dose267

calculations and direct risk calculations (SAB/RAC, 1999).268

269

ORIA has admitted lack of success in obtaining information about TENORM quantities and270

radionuclide concentrations from various sources.  It appears that voluntary disclosure by the affected271

parties may not be forthcoming.  ORIA should indicate how it intends to fill the data gaps.272

273

3.2 Has the general approach been appropriately applied in the detailed outline in the274

second issue paper for uranium mining TENORM?275

276

Again with the reservations about specificity given in the Introduction, the outline for uranium277

mining TENORM seems generally adequate.  ORIA justified its choice of uranium mining for first278

consideration based on data availability, the number of sites potentially presenting TENORM issues,279

and concerns by Native American communities.  Is not clear whether this group of sources would score280

high on either a maximum individual or population risk scale.  Moreover, uranium mining has a high281

profile for public perception of radiation risk, while many of the other TENORM sectors do not. 282

Approaches that work well for the uranium mining assessment may not transfer easily to other283

TENORM sectors.  While the proposed outline of the report appears comprehensive, a definitive284
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response to the charge question  can be given only after seeing an initial draft with actual data and285

results of calculations.  With these caveats, the RAC offers the following responses to Charge Question286

#2.287

288

The RAC notes that the outline does not contain a separate section for either risk289

characterization or uncertainty analysis, although the section labeled “Summary of Risk Assessment”290

might be intended to cover the former.  Agency guidance for risk assessments suggests that both should291

be important components of the final report.  It is essential for ORIA to make the distinction between292

uncertainty and variability as discussed above.  It would also be useful to include a section on293

“Research Needs” if the uncertainty analysis suggests that additional investigations are required to294

support any decisions to be made based on the assessment.295

296

The list of exposure scenarios in Issue Paper #2 is quite extensive and covers most of the297

important potential exposure situations.  However the emphasis in Issue Paper #2 seems to be on298

“disposal,” whereas a broader interpretation might be considered.  The RAC recommends that ORIA299

provide a comprehensive discussion of the scope of the analysis, clearly identifying what it covers and300

what it does not cover.  Inclusion of an “onsite resident and farmer” seems to imply that the assessment301

would limited to post closure activities unless there have been onsite residents and farmers prior to302

closure, which seems unlikely.303

304

In general, there is some confusion about the time scale of the assessment scenarios.  ORIA305

should clarify whether the assessments include projected land uses at some time in the future.  It may be306

possible after some experience is gained to reduce the number of scenarios by eliminating those that do307

not pose significant individual or population risks.  Focusing on a smaller number of land uses would308

allow more complete analyses of those few critical exposure scenarios.  Not all lands are suitable for309

agriculture or even full time residency.  For this reason a scenario for recreational land use should be310

considered. (see Section 3.3 for more detail).  The RAC recommends clarification of the scenarios to311

be assessed and some prioritization based on potential risk.312

313

The RAC recommends that ORIA consider other sources of information on existing mines. 314

The National Institute of Occupational Safety and Health (NIOSH) maintains a computer file of mines315

measured for the uranium miner epidemiology study.  Also the RAC recommends that ORIA clarify the316

full extent of intended coverage.  For example, to what extent is the potential for heap-leach extraction317
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of uranium from materials accumulated in other types of mining (non-uranium) considered?  If this318

practice occurs, would that be included in the uranium mining TENORM report or in another sector319

report?  320

321

The section on “Other Hazardous Constituents” is a worthwhile endeavor, because the greatest322

risks from a given sector may not be radiological.  For example, uranium poses radiological risks but is323

also a chemical nephrotoxin.  Other hazardous materials, such as asbestos and crystalline silica, should324

be included in the risk analysis.  These materials may be of concern primarily during blasting operations325

at open-pit mines.  With regard to risks from impacted water resources, risk assessment by simple326

comparison to drinking water maximum contaminant levels (MCLs) or other standards may not be as327

useful as the risk assessment approach for radionuclides because MCLs can contain considerations that328

are not risk-related, such as feasibility of attainment.329

330

When discussing “other hazardous constituents” that may be present with the TENORM,331

ORIA should also specify how these constituents might affect the radiation risk.  When other hazardous332

constituents can change the characteristics of the TENORM, to make it more mobile in the333

environment, or to affect its toxicity or change its risk in any way, that should be made explicit.  In the334

low activity mixed waste advisory, the RAC was concerned with how hazardous components would335

affect the mobility or volatility of the radioactive component.  The same concern applies to the336

TENORM assessments. 337

338

To the extent practicable, ORIA should define the “soil radiation background levels” and339

surface and groundwater background levels.  The National Academy of Sciences Committee that340

examined the basis for the EPA's TENORM guidance urged EPA to include in its assessment of341

TENORM-related risks an assessment of existing background radiation and the risks that this radiation342

contributes to overall risks from radiation exposure.  In its proposed outline for uranium TENORM343

report, ORIA has stated that it will present background radiation and risk information.  Since this is an344

important issue and since there are significant variations in background radiation, an explanation of how345

ORIA plans to determine appropriate radiation backgrounds is recommended. 346

347

The ORIA approach to TENORM characterization calls for a mix of technical reporting (most348

of the report) and lay-level presentation (VI-A, Radiation Overview).  ORIA should consider whether349
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the non-specific radiation primer will dilute the report and whether the entire report should have a lay-350

level version, either as a separate section, or as a companion volume. 351

352

It is not clear how far the “radiation overview” (Issue Paper #2, Item VI.A) would be353

developed.  The focus should be on radiogenic cancer, and possible genetic effects would have to be354

mentioned, although such have not been observed in humans.  It may be desirable also to note the355

recent information on the possibility of other non-cancer effects (e.g., Shimizu, et al., 1999; Ivanov et356

al., 2000) .357

358

3.3 Is the risk assessment approach, as outlined in the third issue paper, adequate for359

evaluating risks from uranium mining TENORM?  In particular, have the key exposure360

scenarios been considered?361

362

Once more, with the reservations regarding specificity given in the Introduction, the approach363

outlined in the third issue paper seems adequate for evaluating the risks from uranium mining364

TENORM.  As mentioned in the response to the second charge question, the list of scenarios is365

extensive and probably incorporates the highest individual risks but the Uranium Mining Outline (Issue366

Paper #2) addresses only wastes and not products.  However, the RAC offers Table 1 as a suggested367

approach to systematically defining and communicating the scenarios to be considered. The RAC offers368

the following detailed responses to Part 3 of the charge.369

370

Risk Assessments371

372

The RAC recommends that ORIA provide more detail on how risk assessments will be373

approached, discuss the impact of the choice of model, and indicate whether site-specific risk will be374

calculated for each case study.  It is not clear from the third Issue Paper how far into the future the375

doses and risks will be projected.  ORIA should consider whether the appropriate time horizon should376

be the same for all TENORM sources.  The scenarios to be included are strongly dependent upon the377

time frame of the study.378

379

As noted previously, the contribution to risk from hazardous constituents other than380

radionuclides should be calculated.  ORIA should consider whether there will be enough information to381
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determine risk from the other, non-radioactive, hazardous constituents as well as the radiation risk.  The382

radiation risk may not be the limiting factor (most risk) in all cases.383

384

In several places, ORIA indicates that it will estimate maximum individual risk, but the concept385

of “maximum” is not well defined.  Hypothetical exposure scenarios that are possible but unlikely can386

lead to risk estimates many times higher than those likely to be experienced by real individuals.  The387

RAC recommends limiting the analysis to scenarios that can reasonably be expected to be encountered388

by a significant number of people.  Perhaps the principal focus should be on the 5-95 percentile range389

without reporting the “maximum” and “minimum” values from the Monte Carlo analyses.  Such390

approach seems to be implied by ORIA’s response to the RAC recommendations regarding issue 5391

(page 11 of the issue paper).392

393

The RAC recommends that ORIA consider morbidity risk in addition to cancer mortality when394

final risk estimates are made.  The RAC notes that it has made this recommendation in several previous395

contexts.  The RAC also notes that publications associating non-cancer morbidity with radiation have396

appeared very recently in the in the literature (Shimizu, et al., 1999; Ivanov et al., 2000).397

398

The materials that are “TENORM” for the uranium-mining industry according to ORIA’s policy399

should be clearly specified in this document.  Materials that might cause risk to the public, but which are400

not included in this assessment, should also be clearly identified with at least a qualitative statement of401

how the assessed and unassessed sources might differ in terms of risk to the public.  The RAC also402

recommends that the risk assessment approach consider the end user of recycled products. 403

404

Models405

406

ORIA has proposed to use the PRESTO-EPA models as its multimedia modeling tool for the407

analysis of the risks from TENORM in the uranium mining sector.  EPA developed the PRESTO-EPA408

family of computer codes to aid in developing standards for disposing of low-level radioactive waste. 409

The PRESTO-EPA-CPG and PRESTO-EPA-POP models have been used to generate dose/risk410

estimates to support: (1) the proposed Low-level Radioactive Waste Rule (1987); (2) the proposed411

Low Activity Mixed Waste Rule (1998); and (3) the draft Naturally Occurring Radioactive Materials412

Report (1998).413

414
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The materials provided to the RAC were not clear on whether or not ORIA also intends to415

make the PRESTO-EPA models its choice for the analysis of TENORM sources other than uranium416

mine wastes.  Although PRESTO-EPA models may be adequate for the analysis of waste-in-place417

TENORM sources, such as the waste piles found in uranium mining, they may be inadequate for other418

TENORM sources from which TENORM is emitted to air (e.g., from coal-burning facilities such as419

electric powerplants) or occurs as a product (e.g., in building materials such as concrete blocks).420

421

The committee members who reviewed the literature provided by ORIA with regard to the422

PRESTO-EPA models did not find sufficient evidence that the model had been adequately423

peer-reviewed or that the basic structure and features of the model had been published in a424

peer-reviewed journal.  It appears that the most recent extensive peer review of the PRESTO-EPA425

models was carried out in 1984.  Since that time, considerable new knowledge has been gained related426

to radiation risk assessment for radionuclide contaminated media, and the capability of modeling427

radionuclide movement through various media has been improved significantly.  However, there is no428

evidence in the material provided to the RAC that PRESTO-EPA models have been critically reviewed429

in light of this new knowledge and whether any attempt has been made to include model parameter430

uncertainty in risk assessment with PRESTO-EPA models.  The proposal to link the PRESTO-EPA431

models with @RISK to handle uncertainty analysis may be adequate to evaluate uncertainty, but the432

RAC was not provided with any evidence that this technique has been successfully implemented.433

434

It is unclear whether components of the PRESTO-EPA models have been evaluated to see435

whether they actually model the process they represent in a scientifically valid way.  This comment436

relates to the possibility that inappropriate component models may be incorporated into the PRESTO-437

EPA models.  In 1983 a quality assurance audit was conducted related to the PRESTO-EPA models438

by Inter Systems, Inc (ISI).  However, they state in their final report that:439

440

“ISI only considered the coding of the equations and the logic presented in the  documentation441

package.”442

“No assessment of the appropriateness of equations used to simulate processes was  made.”443

444

Recently, additional improvements have been made in PRESTO-EPA models.  Based on445

information provided to us, it appears that PRESTO-EPA-POP has been replaced by446

PRESTO-EPA-CLNPOP.  Also PRESTO-EPA-CPG has been replaced by447
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PRESTO-EPA-CLNCPG.  Model applicability has been expanded to include in addition to448

radioactive waste disposal, soil cleanup, agricultural land application, land reclamation, accidental spills,449

in addition to combining PRESTO-EPA-CPG and PRESTO-EPA-POP into a common system.  Thus,450

the need for peer review applies to the new models, and it is unclear whether the changes have been451

subjected to peer review by experts.  The members of the RAC have not seen a single publication452

concerning the workings and details of the PRESTO models in a peer-reviewed journal.  If there have453

been no peer-reviewed publications, the appropriateness of the new models for their intended use454

cannot be adequately evaluated based on presently available information.455

456

A non-peer reviewed paper, presented at Waste Management 97, compared PRESTO-EPA457

predictions with real data.  The report by V. Rogers, G. B. Merrell, and C. Y. Hung (Rogers, 1997)458

stated that the methodology used in PRESTO-EPA-CLNCPG and PRESTO-EPA-CLNPOP is less459

conservative and more realistic than that used in RESRAD.  PRESTO-EPA.  This was based on460

comparing predicted and observed radionuclide concentrations in well water at Savannah River for461

radionuclides transported to the well from a nearby burial site.  However, what was not stated was that462

for two thirds of the cases evaluated, model predictions based on the PRESTO models were orders of463

magnitude in error.  For tritium, PRESTO-EPA-CLNCPG over-predicted by a factor of 2.4; for464

Tc-99 the overprediction was a factor of 435.  PRESTO-EPA-CLNCPG underpredicted465

concentrations of I-129 by a factor of 260.  The purpose of the evaluation, reported in this paper, was466

to compare the performance of the PRESTO models to the performance of the RESRAD code.  The467

PRESTO-EPA-CLNCPG predictions were closer to measured values than the RESRAD predictions. 468

However, given the magnitude of the difference between the concentrations calculated by469

PRESTO-EPA-CLNCPG and the measured concentrations, ORIA should carefully assess the470

applicability of PRESTO to all TENORM sources.  The RAC also encourages additional comparisons471

between the models and field data when feasible.472

473

A second paper provided to the RAC by ORIA presents a comparison of results from474

PRESTO and MMSOILS in which the results differed by about an order of magnitude (Mills et al.475

1999).476

477

While the RAC recognizes that the use of PRESTO in the context of evaluation of TENORM478

does not have a regulatory purpose, any model used for such purposes should have a good track479
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record of publication in peer-reviewed journals.  Otherwise, members of the public can be subjected to480

unrealistic regulation at costs that are unjustified.  ORIA should consider using more appropriate481

modeling tools for emissions to air.482

483

Exposure Scenarios484

The risk assessment approach should specifically include recreational use and resident and non-485

resident rancher exposure scenarios.  Many uranium mining facilities are located in remote areas not486

suitable for farming.  These areas are most likely to be used in the future for recreational purposes and487

stock grazing.  The RAC recommends including diverse recreational scenarios such as hunting, hiking,488

fishing,  golf,, camping, mountain biking, motorcycling, snowmobiling, all terrain vehicle (ATV) use, etc.489

in its risk analyses.  In addition to direct exposures to recreationists, ORIA should consider impacts490

such as erosion and resuspension from ATV and other off-road vehicle use, and the effect of creating491

an irrigated golf course on the rates of  contaminant transport to ground water.  Assessing risks based492

only on a resident or even a non-resident farming scenario may result in an unreasonable estimate of493

potential future risks.494

495

While the PRESTO-EPA models may not specifically deal with the recreational scenario, at496

least for uranium mining, recreation may need to be considered using a manual approach.  It is not497

sufficient to simply adjust the residence times to account for a transient population.   Pathways such as498

direct gamma exposure, ingestion of surface water, radon decay product inhalation, and ingestion of fish499

will have different exposure conditions from those assumed for the resident and non-resident farmer.500

501

Case Studies502

503

In Case Studies, some unique pathways are discussed.  Some of them are not generally504

applicable.  For instance, in the Orphan Mine in the Grand Canyon, the pathway of tourists drinking505

from the spring containing contaminated water is mentioned.  In this case, a risk should be calculated506

for a transient population.507

508
232Th and its Decay Products509

510
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ORIA should address potential exposure to 232Th and its decay products in the technical report511

for uranium mining.  While, in general, natural thorium concentrations are in the range of background, in512

uranium mineralized areas (NCRP, 1993) this may not be the case in some specific situations.  The513

radon species to be studied might include 220Rn, because some ore bodies contain substantial amounts514

of 232Th.  Although this radon isotope has a short half life, some of its progeny have much longer half515

lives; 220Rn might be of significance given high enough concentrations of its 232Th parent in ore bodies or516

overburden piles.  517

518

Direct Gamma Exposure519

520

The RAC recommends that ORIA clarify what is meant by “direct gamma exposure.”  521

Depending upon location the most significant source might be direct radiation and skyshine from522

overburden piles.  In other situations, direct gamma exposure might include external gamma exposure523

from contaminated particles that have been suspended from sources and deposited in the vicinity of the524

individuals’ homes.  The latter might be important over the long term.  525

526

Resuspension527

528

The treatment of resuspension in the PRESTO-EPA models utilizes variations of the529

resuspension-factor approach, which is a time-dependent factor applied to the deposition density of a530

radionuclide.  However, this approach was developed for application to fresh deposits of radionuclides531

on a soil surface and includes the effect of the deposited material weathering into the soil surface.  This532

approach is not appropriate for a source that is mixed throughout a soil volume, such as a waste pile.  In533

the latter case the mass-loading approach is more appropriate wherein the mass of particles in the air is534

assumed to be derived solely from the contaminated soil.  A default value of 100 micrograms per cubic535

meter is frequently assumed, although a site-specific measured long-term average value can be used. 536

Also, an enhancement factor is frequently used, where the contaminant is assumed to be more537

concentrated on the small resuspended particles compared to the bulk mass of the soil.  Values of the538

enhancement factor might vary from 1 to 5.  Thus, the predicted concentration of a radionuclide above539

the soil surface  is:540

Ca = K E M Cs where541

Ca = Concentration of radionuclide in air, pCi per cubic meter;542
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K = Units-conversion factor, 1E-6 g per micro-g;543

E = Enhancement factor, unitless;544

M = Mass loading, micro-g per cubic meter; and545

Cs = Concentration of radionuclide in soil, pCi per g.546

547

Uncertainty Analysis548

549

The RAC notes that ORIA apparently intends to use only 1000 iterations of the Monte Carlo550

simulation in its uncertainty analysis.  While this number could well be sufficient for ORIA’s purposes, it551

might be wise  to investigate convergence before limiting the target number of iterations.552

553
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Table 1. Important exposure pathways for the various exposed individuals or  populations554

555

Exposure Pathway556 Worker* On-site

Individual

Adjacent

Individual

General

Population

Rec-

reational
Direct gamma557 X X X X X

Inhalation of Rn and decay products558 X X X X X

Inhalation of dust559 X X X X X

Ingestion of soil560 X X X X X

Ingestion of fish561 - - X X X X

Ingestion of food contaminated by dust562 - - X X X - -

Ingestion of food, root uptake from soil563 - - X X X - -

Ingestion of drinking water, well564 - - X X - - - -

Ingestion of food contaminated by well water565 - - X X - - - -

Radiation from TENORM in pipes as structural566
supports in homes567

- - - - X - - - -

Radiation from TENORM in road pavement &568
aggregate569

 - - - - X - - - -

Radiation from TENORM in bldg materials570 - - - - X - - - -

Ingestion of river sediments571 - - - - - - X - -

Ingestion of river water, ground water pathway572 - - - - - - X - -
Ingestion of river water, runoff pathway573 - - - - - - X - -

Ingestion of food contaminated by river water574 - - - - - - X - -
Ingestion of surface water575 - - - - - - - - X

*It is important to note that a worker may also be exposed to radiation from TENORM as an on-site or adjacent resident.576

577

578
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4.  ISSUES BEYOND THE CHARGE579

580

ORIA’s approach to TENORM issues is comprehensive and, after incorporating the RAC581

recommendations in response to the charge questions, will provide a reasonable estimate of the582

occurrence and risks.  Several issues beyond the charge merit consideration by ORIA.583

584

4.1 Intended Scope of the TENORM Documents585

586

The RAC was unclear about the intended scope of the TENORM documents.  Under the587

Executive Order 10831 and Reorganization Plan Number 3,  EPA is charged with developing Federal588

Guidance.  Federal Guidance is defined as a set of guidelines developed by EPA, for use by Federal and589

State agencies responsible for protecting the public from the harmful effects of radiation.  Federal590

guidance helps protect both the general public and the people who work with and around radiation591

every day.  Technical Reports that provide current scientific and technical information for radiation dose592

and risk assessment can be considered federal guidance.  Since these guidance documents are not593

regulations, they are not legally enforceable.  Federal and State agencies have the authority to determine594

the details of their own regulations within the scope of their authority.595

596

As it is the EPA’s goal to protect the public, the RAC generally supports a broader597

interpretation not restricted by the interagency boundaries and recommends that ORIA include products598

as well as wastes in the TENORM technical documents.  While this recommendation reaches into599

the realm of policy, not generally addressed by the RAC, several members of the committee felt600

that it is important to raise it in the Advisory on TENORM.  The RAC also recommends that601

ORIA consider avoiding the emphasis on TENORM wastes.  EPA has done a notable job of promoting602

pollution prevention and encouraging people to “reduce, reuse, and recycle”.  With sustainability as the603

goal, the newest industrial parks are designed for the byproducts of one industry to directly flow to604

another industry as raw materials.  Examples of TENORM materials that can be considered “waste” to605
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one industry, but “feed material” to another industry include 11e(2) material2, slag from rare earth606

mineral extraction, and sewage sludge.  The 11e(2) material is sold as feed material for uranium607

processing.  The sewage sludge is sold to farmers as a soil conditioner.  The slag from rare earth mineral608

extraction is sold as “ladle cover” for smelting, and then the smelting industry slag is ground up and609

added to concrete in cinder blocks to add strength. 610

611

NUREG 1640, vol.2. (March 1999) discusses possible scenarios for the use of slag in612

Appendix J.  These include the use of steel industry slag in basement construction as an aggregate in the613

concrete block, the use of slag in a roadbed, and the disposal of slag at a landfill.  The RAC believes614

that the type of comprehensive approach used for following radionuclides in NUREG 1640, is the615

approach necessary to give an accurate picture of risk.  Without commenting on the content of NUREG616

1640, the approach used followed radionuclides through various processes in products and in “wastes”617

while considering exposures to workers and to the public. 618

619

Issue Paper  #2 discusses TENORM “waste” and mentions that the report will focus on620

TENORM from both overburden and evaporation ponds.  The use of the term “waste” and the621

suggested focus seem to imply that the full range of risks would not be assessed.  The actual intent of the622

report in this regard should be clarified.  The public might gain a better appreciation of the importance of623

TENORM relative to already regulated radioactive materials if the analysis included a characterization624

and risk assessment of all sources of radiation associated with a given facility or product.  For an625

operating open-pit mine (and perhaps associated mill), for example, the analysis could include the626

release of radon and soil borne materials by blasting, the loading and transport of ore and overburden,627

any on-site milling and beneficiation, and releases of radon from stockpiled ore and finished product. 628

629

The RAC notes that some of the non-waste sources may be relatively important.  For example,630

the radionuclides in coal-fired power plant emissions, which could be considered to be TENORM, may631
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well result in some risk.  The radiological risks from coal-fired and nuclear power plants are about the632

same, depending on the age and type of power plants, both coal-fired and nuclear (UNSCEAR, 1993). 633

634

Although the RAC realizes that ORIA's principal focus for TENORM is on assessing risks635

prospectively in order to judge the need for prevention or remedial activities, this focus was not made636

clear in the materials provided.  The time frame and exposure conditions that are the focus of the risk637

assessment of any TENORM source should be made clear in any document intended for use by the638

public.  The RAC further notes that the risk to an individual can depend on his or her past exposures as639

well as future exposures.  The projected risk for a lifetime of exposure for a person born today and640

residing near the site may be different from that for a current resident who might have experienced higher641

or lower exposures in the past than suggested by current conditions.  The affected public will be642

interested in risk estimates applicable to their own exposure histories and should be warned that the643

prospective risk estimates provided in the TENORM documents may not be applicable to their cases.644

645

4.2 Use of Existing Data from Other Programs Within EPA646

647

ORIA should review the available data obtained by other program offices such as CERCLA and648

the regional offices regarding TENORM sources, in particular, uranium mines.   The data from these649

sources could be useful in quantifying the extent of the problem.   Environmental media concentration650

data and gamma exposure rate data gathered in support of site-specific risk assessments could be used651

to validate the models for particular types of sites.652

653

654

655

4.3 Background Evaluation for TENORM Sites656

657

Any evaluation of background at TENORM sites should take into account not just average soil658

background radionuclide concentrations but also background variability within localized areas.  Uranium659

mines, by necessity, are located in mineralized areas that may have un-mined outcrops of relatively high660
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grade ore and several different soil types with varying radionuclide concentrations.  These areas are661

representative of local background conditions and can contribute significantly to background radiation662

doses. 663

664

4.4 Education and Risk Communication665

666

In Issue Paper #1, page 10, ORIA proposes to promote and provide education and guidance667

for safely and economically cleaning up and disposing of TENORM Wastes.  ORIA should consider as668

its first educational opportunity scientific societies such as the Conference on Radiation Control Program669

Directors and the Health Physics Society.  Consideration should be given to presentation of papers at670

meetings and papers in society publications.671

672

In the presentation to the RAC, regarding the Uranium TENORM Report, it was pointed out673

that of the 4,000 plus mines, approximately 1,000 are on Tribal lands.  It is important that ORIA674

communicate risk assessment plans with all of the affected tribes in advance of the study.   Dedicated675

efforts need to be developed to involve the tribes in providing input for the pathway calculations.  It is676

well known that Native Americans have some living habits and ingestion patterns that differ from other677

American population groups.678

679

The RAC supports ORIA’s intent to make the TENORM documents useful to a broad680

audience.  The usefulness of the document will be limited if various parts of the risk are left out of the risk681

assessment because they are regulated by different agencies to differing degrees.  The audience will be682

left with an inaccurate picture consisting of a sum of partial risks derived from different agency risk683

assessments which are not designed to be aggregated.684

685
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5.  SPECIFIC COMMENTS686

687

General: Several references may be useful in developing the TENORM technical reports,688

specifically NCRP Report No. 118, “Radiation Protection in the Mineral Extraction Industry”, and a689

book written in the 1950s titled “Uranium Country”.690

691

Issue Paper #2, Pg 11, VII. B.  Methodology and Techniques, 2nd paragraph: Mentions EIA692

(Energy Information Agency of DOE) compiling reclamation cost information on uranium recovery693

facilities.  Presumably this includes side-stream extraction, and overlaps with U-milling. Is this to be694

included in the report, or was it just mentioned in passing?695

696

Issue Paper #3, Pg 5 para 1: States that “these distributions will not be meant to represent actual697

or expected parameter value distributions.”  Why not?698

699

Issue Paper #3, Pg ,5 Second to last sentence: “The maximum values will then be calculated and700

returned to @RISK.”  This is not clear.  Isn’t this technique used to avoid the bias associated with701

presenting maximum values?  Aren’t frequency distributions reported and then the user can see central702

tendency as well as various percentiles?703

704

Issue Paper #3, Dose and Risk Factors (pg 9, 3rd full paragraph): Ingestion and inhalation dose705

conversion factors from FGR-11.  Risk conversion factors from FGR-13.  Isn’t this using two different706

generations of ICRP dosimetry?707

708

Issue Paper #3: How will radon emanation rates be determined?709

710

711
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